Pollution of surface and sub surface water from agricultural nutrients; especially from hill ogen and phosphorus is a widespread environmental problem. Mathematical models play a substantial inlc in predicting and forecasting hydrological and water quality related issues at different spatial scales. A in't'il of an easily calibratable and minimum information requirement models to be used in predictions itl t .ilrhment scale and subsequent policy formulation and management was identified in this study. Hit' fxisli'd TOPCAT-N model was further developed to add a phosphorus component and efficient model-user interface and was named TOPCAT-NP. To study the model applicability to tropical monsoon rtlli'i U'd climatic conditions, field sampling was carried out at upper Uma Oya catchment and its few I,uii! use specific sub catchments in central Sri Lanka for a nine month period. Hydrochemical assessment M 1.1 'IX )PCAT-NP modelling were performed with collected data. Effect of land use scenarios and the inoilrl and parameter uncertainty were also assessed.
I he TOI'CAT-NP predicts flow, nitrate nitrogen, soluble and sediment attached phosphorus at the i .ill hini'iit scale with a relatively few key input parameters. The model stands between complex physically luftril models such as EPIC and simple catchment scale empirical models such as export coefficient npl'io.u h. TOPCAT-NP simulates the flow and nutrients at daily or sub daily time steps provided that i rtinliill iind cvapotranspiration are input. Improved temporal resolution of the output provides seasonal < h.iMgt'N in nutrient mobility for better implementation of management strategies at correct time and I'l.lir I In 1 hydro-chemical assessment in upper Uma Oya suggests that there is no great threat to the surface u ,iii-i I Him nutrients though, ground water contains very high levels of nitrates in agricultural areas. II it' litrmrrs continue to apply over doses of fertiliser to the agricultural fields. Land use mainly agriculture h.i>, ,i (imminent effect on surface and ground water nutrient levels. Nutrient release from the land to 'ilii'.im is mainly governed by the storm events. Increasing levels of stream and soil matrix nitrate was "I'.i-ivrd following storm events. TOPCAT-NP reasonably simulates the flow and nitrate patterns I n >u i-vtT, llu 1 behaviour of P is highly unpredictable. Land use effect is highly visible in scenario analysis MI.I II iilso provides guidance to the uncertainty in the predictions. If the rainfall intensity could be IIH haled i\iul a direct link to GIS can be established, the model predictions may improve substantially to In IT.r.l in i,iu hment management aspects.
I. Introduction
Monitoring, measuring and modelling of the |u inhi\ and quality of water have become a nirtjni concern to environmentalists in both developed and developing countries in recent Itmi-s. Wain-quality data have been collected and models htivc' been developed at various spatial rttul temporal scales to simulate and predict the |n»llul.in! transport behaviour in the terrestrial .iiul hydrological systems. Surface and ground water contamination due to agricultural nutrients IN constantly reported in intensive farming systems. In general, nutrient data are gathered at a local 'plot' scale or in lysimeter studies, but it is often the transport behaviour of pollutants that is critically important in downstream problems. Plant nutrients leave the land through surface and sub surface hydrological pathways and thus enter the water system and ultimately trigger aquatic plant growth. Water quality research has not drawn much attention in Sri Lanka due to the fact that no serious water quality problems have been encountered, probably due to the abundance of natural water resources in the country. However, this situation has been rapidly changing over the last decade. High population growth rate and subsequent pressure on the land have created water related problems in major river catchments in the country. Further, nutrient transport studies in monsoon affected mountain regions have received less attention compared to soil erosion and sedimentation studies. Water quantity measurements are carried out in selected rivers on daily or sub daily intervals mainly for the purpose of irrigation though continuous quality measurements have had little consideration.
Nutrient Pollution
Over exploitation of land resources for agriculture is the direct result of ever increasing population growth, which creates a high demand for food. An estimated land extent of 8.5xl0 8 has been converted to agricultural land globally over the past 100 years (Vinten & Smith, 1993) . The green revolution in early 1970's promoted the widespread use of agricultural inputs such as fertiliser and agro-chemicals to obtain higher yields. The world-wide use of fertiliser is rising steadily. However, the pattern of use within individual countries varies widely due to a variety of factors including population growth rate, the extent of the development of agricultural technology and the concerns over the purity of potable water. Continuous fall in fertiliser prices in the competitive market and government subsidies have also stimulated the over-use of fertiliser. Leagreid et al. (1999) stated that Asia uses much more fertiliser than that of Africa and South America and is biased towards excess N application compared to P and Potassium (K).
Water quality deterioration is partly an environmental problem associated with agriculture, which affects human, animal and plant health. Sediments, agro-chemicals and fertilisers from agricultural fields can adversely affect the quality of surface and sub-surface water. Rising concerns over sustainable agriculture indicate that the modern agricultural activities have a great responsibility of generating point and non point sources of water pollutants and creating surface water eutrophication. Among the plant nutrients, N & P are the mostly responsible nutrients in terms of water pollution. There is currently a special concern on water pollution by nitrate (NO 3 ) since it poses a great threat on human and animal health (Greenwood & Walker, 1990) . N and P together can create eutrophic conditions in fresh water.
Objectives
The main objective of this paper is to discuss the importance of Minimum Information Requirement (MIR) modelling for catchment management in the situations where a comprehensive collection of catchment information is not adequately available. It also intends to discuss a MIR model called TOPCAT-NP and its application to a selected agricultural catchment in Sri Lanka to simulate the flow, nutrients (NO3-N & P) and to identify the impact of different land use scenarios on stream water quantity and quality.
MIR Modelling
The Minimum Information Requirement (MIR) approach for catchment scale modelling is a novel concept put forward by Anthony etal. (1996) . MIR models are basically the functional representations of complex physically-based models and rely on few key parameters which are sensitive to the spatiotemporal variability. The characteristic features of the models are the simple model configuration, a minimum information requirement and a high functionality combined with the capability of mimicking the results of a complex physically-based model. This concept attempts to minimise the parameter-related uncertainty by keeping the number of parameters to a minimum and to reflect areas of uncertainty in a clear way. The question of catchment heterogeneity is addressed within the MIR framework by simple statistical representation of the model parameters. TOPCAT-N , Quinn etal., 1996 ) is the first model to be developed based on MIR approach to simulate the river flow and NO 3 loss at the uncertainty in the output due to parameters are also directly visible. TOPCAT-NP which allows multiple catchment simulation is considered as an appropriate tool to compare the performances of the catchments.
1 . TOPCAT-NP MIR Model
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2.2.Relevance of MIR Modelling Approach to Sri Lankan Conditions
Sri Lanka is a developing country where a large proportion of land is converted to agriculture annually. Most of these agricultural lands are in the hill country where the slopes are steep and very erosive rains occur. Sri Lanka has a radial pattern of stream network and a large number of streams originate from the central highlands. Therefore, there is an obvious threat to the aquatic resources in this area due to agriculture and related activities. Nevertheless, the environmental impact assessments have been only limited to major projects and no assessments have been carried out on small scale land use conversions to agriculture. In this regard, simple catchment management tools such as MIR models have a great potential to identify and predict the existing and future problems of stream quality with relatively little available information.
Application of TOPCAT-NP to Upper Uma Oya
It is important to study the applicability of TOPCAT-NP model to Sri Lankan conditions. Accordingly, the model was applied to Upper Uma Oya catchment in the central highlands of Sri Lanka. In view of this, a nine-month long field campaign was carried out to collect NO 3 -N and P data at eight sampling sites at weekly intervals. The sampling sites represented the major land use/cover types of natural forest, tea, agriculture and mixed land use in the study area. A sub daily sampling of flow and nutrients was carried out at Sandatenna agriculture dominated sub catchment for four weeks to study the storm effect on nutrient mobility. The relevant flow, rainfall and evapo-transpiration data were also collected. (Yatawara, 1996) . Due to high monsoonal input, the dilution of nutrients in streams keeps the concentrations low. However, localised and sporadic eutrophication problems are often being seen. The threat of more eutrophication is clear due to rapid land use conversion and more input of fertiliser. It is important to identify the threshold limit of fertiliser use to keep the NO 3 -N and P levels in surface and ground water for longterm sustainability. According to the statistical assessment of sampled nutrient data to identify the land use and spatial effect on surface water quality revealed that there is a significant effect between water quality and the land use. The spatial effect is also significant within the same land use/ cover class except for forests. The vegetables contribute greatly to the surface and sub surface (well) water quality in the catchment. Though, tea receives a substantial quantity of inorganic fertiliser, the contribution of tea towards water quality is significantly minimum. Forest is the lowest contributing land use class according to the sampled data.
Upper Uma Oya Catchment
from Nuwara Eliya to Welimada. Uma Oya flows through natural cloud forests as well as highly intensive agricultural lands in both Nuwara Eliya and Welimada and therefore, has been identified as an ideal stream to investigate the nutrient transport behaviour of different land use/cover systems. It has also reported the highest sediment generation rate compared to some other sub catchments within the Upper Mahaweli Catchment Area (UMCA)
3.3.Hydrological and Water Quality Modelling
The unavailability of adequate catchment information on hydrology, water quality and soil nutrient status were the main limitations in applying complex physically based models to simulate catchment dynamics.. In this particular case also, information for the Upper Uma Oya catchment was very limited hence, the application of a MIR model was the feasible option. In hydrological and watre quality modelling, the entire Upper Uma Oya catchment and a small agriculture dominated sub catchment called Sandatenna, near Nuwara Eliya, were modelled for flow and nutrients Figure 07 . Sudden peaks in observed PO 4 may be a result of localised events such as point source discharges. The farmers in the lower region of the catchment irrigate their rice and vegetable fields with stream water and redirect the excess water back to the stream. Usually, this water is extremely sediment rich and could be equally high in P as the sediment is derived from P rich soils. This also could be a reason for suddenly elevated soluble PO 4 in stream water. Since, leaching is an equally important phenomenon for P in Upper Uma Oya catchment due to P saturated soils, the stream P levels seem to be linked with the 'event' discharge 
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The modelling results at the Sandatenna site revealed the importance of the availability of accurate flow records and data of high intensity. The flow was approximated using velocity area method at Sandatenna and the daily rainfall records had to be fragmented to obtain sub daily rainfall. The sub daily data of the catchment provide a good simulation of flow and nutrients. However, due to inadequate rainfall records the peaks of the measured flow and nutrients do not coinside with that of the measured. The results suggest the need for the rainfall and evapotranspiration records at the required time steps for modelling.
In the land use scenario analysis, four land use/ cover types have been selected to best represent the past, current and possible future land use/ cover transformations that can occur in the study area. The land use/cover has been transformed from natural forest cover to plantation agriculture; mainly tea during the British colonial period (Wickramagamage, 1998) . The 100% forest and 100% tea scenarios represent the past catchment conditions which reflect the stream quality characteristics when the catchment was less disturbed.
The stream NO 3 and P levels are highly sensitive to agricultural land use. According to the model predictions, even if the catchment is entirely converted to agriculture, the stream NO 3 -N level does not exceed the WHO drinking limit of 10mg/L. Given the uncertainty, this value could be well above the recommended limit. Generally, the stream PO 4 exceeds the levels to cause eutrophic conditions (0.01 mg/1 dissolved P & 0.02 total P) even with the natural forest conditions. Nitrogen may act as the limiting nutrient as there is no apparent eutrophication threat even in the agricultural catchments at present. The average concentrations of NO 3 -N, soluble PO 4 and total P in mg/1 under four land use/cover categories change according to the following sequence.
• Agriculture (6. 
Discussion and Conclusions
Agriculture related environmental and water quality problems are spreading beyond the geographical boundaries of countries and have now become a global concern. The prediction of the catchment behaviour is essential for proper decision making in sustainable management of water resources., Majority of the catchments in the world are [data limited and, therefore, application of physically based complex models is practically difficult. In this situation, the simple catchment management tools such as MIR models are more effective since they can work with limited information while producing usable results.
The Upper Uma Oya catchment situated in the central hills of Sri Lanka is a classic example of the rapid land use conversion due to extensive agricultural practices. The catchment has undergone extensive land use/cover changes from natural cloud forests to plantation agriculture (tea) and then to vegetable and potato farming. In Sri Lanka, the catchment research is mostly confined to soil erosion related studies and the concern on agriculture related water pollution is seemingly neglected. Water quality data are mostly limited to few irregular measurements in major rivers or reservoirs. Lack of flow and nutrient time series of a considerable length hinder the application of hydrological and water quality models for catchment management.
The application of TOPCAT-NP model to the Upper Uma Oya catchment and its Sandatenna sub catchment produced good results in terms of flow and nutrient transport. The model output provides an indication towards the on-going catchment processes and the possible future changes.
Land use/cover scenario analysis provides an insight to the effect of land use/cover changes on flow and surface water quality. A proper land use/cover scenario analysis is possible only with distributed physically-based modelling. However, with the parameters that are sensitive to land use/cover and management practices in TOPCAT-NP, the model can potentially simulate stream flow and nutrients under various land use/cover options. The model results may be used as a guideline to identify the most suitable land use options and management criteria. However, the user should be well aware of the uncertainty associated with the parameters and its propagation to the final model output.
Finally, it should be emphasised that the catchment scale models should be simple and user friendly, while being comprehensive with multiple capabilities. They should appropriately address the issues prevailing in the catchments such as data limitations and errors in data, and also should be able to calibrate within the available information and in a reasonable computational time. The model should inspire an understanding of agriculture and hydrology and the threat of unmanaged land use changes on water resources. In this regard the MIR models may effectively be used in catchment planing and management.
